Possible [CO 3 2-] effect on CO 2 . Increased oceanic [CO 3 2-] driven by ALK input from enhanced weathering would absorb atmospheric CO 2 into surface ocean water 1 . Partitioning of [CO 3 2-] between deep and surface waters is linked to the strength and mode of overturning circulation. Shifting δ 13 C gradients suggest that the loss of CO 2 from the deep ocean during the last glacial cycle was related to a change in the mode of oceanic circulation 2 . The absence of any mid Miocene change in the δ 13 C Miocene [CO 3 2-] estimate. In order to account for mid Miocene sea water B/Ca values that were different from modern, we assumed B concentration to be ~1.07 modern value 26 and Ca concentration to be ~1.12 modern value 27 . Modern calibration: B/Ca = a * [CO 3 2-] + b, where a = 0.69, b = 119.1 Miocene calibration: B/Ca = r * a * [CO 3 2-] + r * b, where: r = (B/Ca Miocene ) / (B/Ca modern ) Modern values: [B] = 415 mol/kg, [Ca] = 0.01 mol/kg, B/Ca sw = 41 mmol/mol. Miocene (~14 Ma): [B] Miocene = ~1.07 * modern [B]; [Ca] Miocene = ~1.12 * modern [Ca]; thus, B/Ca Miocene = 0.96 * B/Ca sw modern , average: r = 0.96 of modern B/Ca.
gradient between deep and shallow Pacific records (e.g. ODP Sites 1237, 1146 and 588) 3 does not indicate such a long term change in Pacific deep water [CO 3 2-] partitioning occurred. However, our
South Atlantic records ( Fig. 2b ) do indicate a greater increase in [CO 3 2-] at the deeper site (3.6 km) than the shallower site (2.3 km) from ~14.5 Ma. It is likely that surface ocean [CO 3 2- ] was at least partially modified by deep water [CO 3 2-] through overturning and mixing 4 , as the time interval our records cover (10 6 yr) would allow for complete mixing (modern ocean mixing time is 10 3 yr). The deep ocean increase in [CO 3 2-] of ~40 µmol/kg from ~15-13 Ma ago ( Fig. 3d ) would have therefore been at least partially transferred to surface waters which would have acted to lower surface water and atmospheric CO 2 partial pressure (pCO 2 ) (ref. 1) .
In order to estimate the effect a surface water increase in [CO 3 2-] of ~40 µmol/kg would have had on atmospheric CO 2 , we performed sensitivity calculations on a range of different ocean parameters ( Supplementary Table S2 ) assuming the increase in deep water [CO 3 2-] ( Fig. 3d ) was transferred to surface waters, and that surface waters were in approximate equilibrium with the atmosphere during the mid Miocene. We use initial ALK and DIC from two modelled data sets:
ALK:DIC of 1600 and 1400 µmol/kg respectively 5 and ALK:DIC at 1900 and 1700 µmol/kg respectively 6 . Salinity was assumed similar to modern as CO 2 and [CO 3 2- ] has been shown to be relatively insensitive to salinity 5 , and our predicted changes in pCO 2 are comparatively insensitive to the initial selection range of temperature and salinity conditions. We increase ocean [CO 3 2- 2-] sw values, corresponding values for 11 B were calculated using a linear interpolation between measured points 9 . Symbols in white indicate two samples that may have been affected by local oxygen minimum zone expansion (see Results), and were therefore not included in the calculation of the linear regression. Uncertainty for the [CO 3 2-] sw is largely associated with calibration uncertainty 21 and possible changes to B/Ca sw due to continental weathering (see Methods). Uncertainty for 18 O and 11 B is the sum of analytical uncertainty 9 . 
Figure S7.
Values of ocean water [CO 3 2-] calculated from C. mundulus B/Ca (see Methods), against ocean water [CO 3 2-] calculated from C. mundulus Li/Ca and Mg/Ca according to the equation of 10 . These data do not include Site 1264, which may have been outside of a Mg/Ca saturation state effect due to higher [CO 3 2-] (ref. 10). were calculated with an adjusted equation taking into account differences in sea water B and Ca at ~14 Ma (see discussion above). Table S2 . Changes in pCO 2 after the addition of alkalinity (ALK) and dissolved inorganic carbon (DIC) to the ocean at different ratios, from different starting values. Initial ALK and DIC of 1600 and 1400 mol/kg respectively is from 5 , and 1900 and 1700 mol/kg from 6 . ALK and DIC was added to the surface ocean at fixed ratios to achieve an increase in surface ocean [CO 3 2-] of ~40 mol/kg.
Supplementary Table Captions
Average global temperature (T) was taken as 6±1 o C warmer than modern 36 , and salinity was assumed similar to modern (35 ‰) due to its minor effect on CO 2 and [CO 3 
